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THE INSTITUTE OF PAPER CHEMISTRY
Appleton, Wisconsin
RELATIONSHIP BETWEEN SACK DROP AND SACK PAPER PROPERTIES
PART I. FACE DROP PERFORMANCE
SUMMARY OF RESULTS
During the past six years a great deal of valuable information and data
have been developed in connection with the multiwall sack program, Project 2033.
The Policy Committee has requested that, during the present contractual.. period,
one phase of the program be devoted to an analysis and study of the available data
so that the information may be utilized in practical applications directed to im-
provement in sack paper manufacture and sack performance. The underlying objective
is to make sack paper cheaper and/or better.
This is the first report in pursuit of the above objective. The analysis
was directed to determining the degree to which face drop performance is related to
the various sack paper tests at 50% relative humidity. The basis of judging the
merits of a given sack paper test was first and foremost the ability of the par-
ticular test to predict face drop performance of the sack; however, other factors
such as magnitude and sign of the correlation coefficient, general knowledge re-
garding sack and sack paper behavior, etc., were also considered. It should be
mentioned in connection with the selection of tests that the difference in predic-
tive ability between the "best" and the "poorest" test was not much over 10-20%,
in most cases. Thus, replacement of the poorest test by the best test would be
expected to improve the prediction of sack quality only 10-20%. Where the same
test is used for both extensible and flat kraft papers, the spread between the
best and the poorest was considerably greater.
For purposes of presentation, the sack paper tests have been classified
or grouped according to the predictive ability of each test. Within each group,
the tests are arranged in the order of decreasing predictive ability. Analysis
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of the data developed in connection with Studies I and II, on pasted sacks relative
to the relationship between sack paper properties and face drop performance permit
the following conclusions to be drawn. On the flat kraft paper, the predictive
ability is the average of Studies I and II.
FLAT KRAFT PAPERS
1. The five best sack paper tests for predicting sack performance (see
Fig. 1) are:




e. T.A. impact fatigue
2. Based on testing ease, calibration considerations and theoretical
concepts, the combined T.E.A. is preferred for specification or control of flat
kraft multiwall sack paper.
3. Based on the present results, combined stretch, by itself, appears 
to offer almost as good predictive ability as T.E.A. which is a function of both
tensile and stretch. The relationship involving combined stretch should be viewed
with reservation as it is anticipated that this relation may hold only for papers
within a given grade weight level. It is well known that stretch is independent
of weight and, therefore, if the relationship were applied to various grade
weights, it would not be expected to hold, e.g., a sack made with four plies of
60-lb. paper would be expected to outperform a sack made with four plies of 40-lb.
paper, but each with the same combined stretch., This indicates that stretch, by
itself, is not sufficient except possibly in special cases such as within a given
grade weight level.
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In contrast to stretch, tensile strength is strongly dependent on weight
and, consequently, the tensile will increase as weight increases. As mentioned,
the tensile energy absorption (represented by the area under the load-deformation
curve) is a function of both stretch and tensile and, therefore, is expected to
have more general application. Furthermore, the impact or fatigue tests such as
the T.A. impact fatigue and Frag apparently are well related to the initial or
virgin T.E.A. characteristics of the paper.
4. Among the paper tests which were found to be less well related
(see Fig. 2) to face drop sack performance were bursting strength, tensile, and
tearing strength.
EXTENSIBLE SACK PAPERS
The conclusions drawn herein are based on an analysis of the results
obtained in Study II.
1. The five best tests for predicting face drop performance of exten-




c. T.A. impact fatigue
d. Frag, combined
e. T.E.A., cross
2. Although scattering coefficient, Frag and T.A. impact fatigue are
better related to face drop performance than T.E.A., cross, it is believed that
the latter is more amenable for use in specification, control, etc. The two impact ,
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Figure 2. Comparison of Properties Giving the Poorest Predictions of Sack
Performance
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testers, i.e., Frag and T.A. impact fatigue, are characterized by high variability,
long testing time, and little is currently known about the relationship of these
tests to the basic properties of sack paper. Although scattering coefficient
correlates the best on extensible sack paper, its poor showing on flat kraft, lack
of dependency on such things as fiber length, isotropy of the sheet, and relative
humidity, raises doubt as to its usefulness as a criterion of quality by itself.
It may very well serve a useful role in conjunction with other tests. This concept
will be explored more fully in a future report.
3. Among the sack paper tests found to be poorly (see Fig. 2) related
to face drop performance were tearing strength, bursting strength, and machine
direction tensile. Stretch by itself did not correlate as well with sack performance
as was found for the flat kraft sack papers.
EXTENSIBLE AND FLAT SACK PAPERS
When the data were analyzed to determine the most appropriate sack paper
tests to be used for both extensible and flat kraft sack paper, the following con-
clusions were drawn.
1. The five best tests (see Fig. 1) arranged in the order of decreasing
predictive ability are:





k: - - - _ 
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2. Taking test cost, calibration, etc., into account, combined T.E.A. or
stretch are recommended for the evaluation of extensible and flat sack kraft paper.
Neither T.E.A. nor stretch (nor any of the test properties mentioned) will ac-
curately predict the relative performance of all papers. The use of these tests
should, therefore, be tempered by judgment and experience.
GENERAL
The general conclusion derived from the analysis carried out is that at
the present time combined T.E.A. is the best test for evaluating paper in terms of
face drop performance for flat and extensible sack papers. The use of combined
T.E.A. implies that in- and cross-machine T.E.A. are equally important to face
drop. This is only an approximation and changes in combined T.E.A. accompanied
by large changes in the directional ratio may have unpredictable effects on face
drop.
The relationship developed from the data obtained in Studies I and II
for three-ply pasted cement size sacks fabricated with flat and extensible sack
papers is given by Equation (1) and illustrated in Fig. 3:
F = -45.6 + 495.3 [£ + w ] (1)
X y
where F = face drop performance at 50% R.H. in safe inches
Wx, W = tensile energy absorption (T.E.A.) machine and cross-
x -y
machine in in. lb./in. , respectively.
The above equation represents solely an empirical relationship found
ev for three-ply pasted cement sacks tested at 50% R.H. using 94 lb. of cement as
the commodity. In addition to paper quality, sack performance is known to vary
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Consequently, Equation (1) should not be used for general predictions of face drop
sack performance. However, it can be used to predict the effect of changes in
T.E.A. on face drop for the conditions employed, and it may be anticipated that
such predictions will hold on a relative basis under many conditions.
In order to illustrate the effect which small changes in the T.E.A.
characteristics of the sack paper may have on the performance of sacks of the style
and size used in this study, sack performance has been calculated using Equation
(1). The changes in T.E.A. used in these calculations were those resulting from a
change in stretch. The results are tabulated in Table I. It may be noted that a
change of approximately 10% in stretch introduced changes in T.E.A. equivalent to
about a 17% change in sack performance.
The detailed results associated with this analysis are given in the
Appendix. The next two reports will be concerned with (a) sack paper tests which
correlate with butt drop performance, and (b) the material and processing variables






















































































































































































































































































































































































































































































found in the same reports.




Study I, regular kraft sacks-N = 20
Study II, regular kraft sacks-N = 12
Study II, extensible kraft sacks-N = 14.
Except when specifically noted, the progressive height face drop test
results were expressed in safe inches of drop.
Forty-eight properties of the sack paper
though in some instances properties were evaluated
Tests evaluated in only one study included:






7. Instron strain fatigue









were evaluated for each study,
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In general, Van der Korput energy and the high-speed tensile, stretch,
and work tests correlate well with Instron tests at conventional test rates (1,2).
Therefore, tests on the Instron should be an adequate substitute for the Van der
Korput or high-speed tests. The remaining tests (5-8 above) were considered to be
research tools and undesirable for control or specification purposes. Therefore,
they are not considered further in the discussion.
Normally satisfactory conversion is assumed. High failure frequencies
in creased areas, in adhesive joints, etc., are not considered in the analysis.
a
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APPENDIX II
ANALYSIS
For this report the simple linear correlations between progressive
height face drop and the physical characteristics of the sack paper were reviewed
for the two major studies carried out in the past. The statistical correlation
summaries are shown in Appendix'III, Tables VII through X for the face drop results
expressed in safe inches and in Appendix III, Tables XI through XIV for the drop
results in safe drops.
Appendix III, Tables XV through XVIII show the test properties arranged
in order of their average prediction difference together with the corresponding
correlation coefficient. The average prediction difference is the average dif-
ference in per cent between computed and observed sack drop values based on the
selected sack paper property. These data are graphed in Fig. 3 through 6.
REGULAR SACKS - STUDY I AND II
For the flat kraft sack data graphed in Fig. 4 and 5, the five best pro-
perties for predictive purposes are compared in Table II. It may be noted that
1. The correlation coefficients for all five properties were significant
at either the 5 or 1% levels.
2. In terms of agreement between predicted and observed face drop values,
T.A. impact fatigue ranked first in Study I and T.E A, combined ranked first in Study II.
3. The greater variance of the fatigue tests (Frag and T.A. impact
fatigue) makes it desirable to evaluate a relatively large number of specimens to
achieve reasonable precision. Therefore, the long evaluation times required make



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































)b& ~ T.A. impact fatigue
F/ T.E.A., combined
Impulse, combined











'1* ~ Stretch, in
Frag, in
High-speed stretch, cross
Van der Korput, cross
High-speed work, cross
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Figure 4. Comparative Ranking of Sack Paper Properties Based on Face Drop
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4. On this basis, the properties listed below exhibit greatest promise




T.E.A. is dependent on the ultimate tensile strength, stretch, and shape
of the load elongation curve. For a given flat kraft sheet weight, T.E.A. appears
to be more dependent on stretch than tensile (1,2). Its favorable relationship to
face drop appears reasonable if (a) it is accepted that the sack walls absorb
tensile energy on each impact, and (b) that failure occurs when the energy input
to the sack walls is locally greater than their ability to absorb energy. T.E.A.
is also related to moisture content in much the same way as face drop although
discrepancies may occur at high humidities (3).
The favorable relationship of combined stretch is also believed to be due
to the requirement that the sack paper absorb energy during impact. Apparently,
for a given grade weight, increases in stretch are usually accompanied by increases
in T.E.A. because of the shape of the load-elongation curves. Conversely, in-
creases in tensile are not necessarily associated with an increase in T.E.A. -
apparently because they are usually obtained at the expense of stretch. The higher
intercorrelations between T.E.A. and stretch bear this out (1,2). However, over a
range of grade weights it would be necessary to consider both stretch and tensile.
The impulse test is a high-speed test which integrates the force trans-
mitted through a tensile strip over the period of time to break. It is similar to
T.E.A. and is highly correlated to T.E.A. (1,2) at 50% R.H. It also varies with
moisture content in the same manner as face drop. Its main advantage lies in its
high test rate. Its main disadvantages include (a) possible misalignment and parts
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breakage (1), (b) its narrow specimen (0.4 cm.) which may be sensitive to edge ef-
fects, and (c) its low range - some extensible samples give values above the scale
range. In addition, it is believed that few companies in the industry have in-
corporated it in their test facilities.
The Frag test involves the repeated impact from a constant height of a
charge of small pellets against a specimen stretched over a circular orifice. The
specimen is rectangular and clamped along two opposite sides. To avoid extremely
long test times, the manufacturer recommends varying the height or load to give a
reasonable number of impacts to failure. Results at different heights or load are 
converted to a common basis by multiplying the load and height used by the cube
root of the drop number, although the procedure is questionable (4). As a fatigue 
test, the Frag simulates the fatigue nature of the sack drop test. The results
depend on specimen orientation. Important biaxial strains are induced in the
specimen (2) so that failure may be influenced by the directional ratios of the
specimen. As a fatigue test, it is characterized by high test variability, some-
what masked by the cube root factor for number of drops. Frag results pass through
a maximum at about 50% R.H. (3). As humidity decreases from 50% R.H. the results
drop off sharply, in the same manner as sack drop. At humidities greater than 50%, 
Frag results tend to decrease slowly (regular kraft) or appreciably (extensible
kraft). Frag results do not, therefore, predict the observed increases in sack
performance above 50% R.H. Mechanically, the machine used at The Institute of
Paper Chemistry has been weak and inter- or intralaboratory calibration would be
difficult. Other investigators have noted similar problems (5).
Thwing-Albert (Couch-Muldoon) impact fatigue involves the repeated impact
of steel balls on the central region of a specimen stretched over a circular orifice.
As a fatigue test it simulates the fatigue nature of the drop test. Each impact ~




locally strains the specimen biaxially - an advantage for face drop simulation
which also involves biaxial strains. This is a disadvantage for butt drop. Besides
suffering from high test variability, comparison of sheets having widely different
fatigue strengths may involve inordinate amounts of testing.
Taking these factors into consideration, it appears that combined T.E.A.
is the most favorable property for specification or control purposes. It is
obvious, however, that it can fail to satisfactorily predict the performance of
some sack paper combinations.
Properties exhibiting the least predictive ability for face drop regular
kraft sacks were as follows:























Within a given grade
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EXTENSIBLE SACK PERFORMANCE - STUDY II
Figure 6 shows the ranking of
sack paper for the extensible papers of
not evaluated in both studies, the five







3. T.A. impact fatigue
4. Frag, combined
5. T.E.A., cross
Significant at the 1% level.
the various physical characteristics of the
Study II. Disregarding those properties
best properties for predictive purposes
III










In general, the scattering coefficient gave appreciably better predic-
tions of the performance of the extensible sacks than the other properties. The
fatigue properties, in machine Frag, T.A. impact fatigue, and combined Frag, fol-
lowed in that order. Combined T.E.A. and Impulse fell out of the first five though
both exhibited significant correlations.
Scattering coefficient is a measure of the unbonded area and, consequently,
is indirectly related to the bonded area. The bonded area is one of the basic
factors in sheet strength and has been shown to be one of the main factors in
tensile strength. Therefore, its favorable relationship to sack performance is
physically understandable. While not usually considered suitable for specification,
as a nondestructive property it could be useful in automatic control applications.
b
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Figure 6. Comparative Ranking of Sack Paper
Predictive Ability for Extenbible
Properties Dased on Face Drop
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T.A. impact fatigue and Frag offer the same advantages and disadvantages
as previously discussed.
t
Therefore, if the fatigue tests are considered unsuitable for control or
specifications, the properties giving the more favorable predictions of extensible
sack performance are (1) scattering coefficient, and (2) T.E.A., cross.
The properties giving the poorer predictions of extensible sack per-

































Both combined tear and tensile were
the poorest predictions of sack performance.
included among the properties giving
COMBINED REGULAR AND EXTENSIBLE DATA
For the regular and extensible sack data, the correlations and predic-
tion percentage differences are illustrated in Fig. 7. Because of the greater
range covered by the combined data, many properties exhibited highly significant
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TABLE V
PROPERTIES EXHIBITING THE BEST PREDICTIONS OF FACE DROP PERFORMANCE
FOR THE COMBINED REGULAR AND EXTENSIBLE DATA
Corr. Av. Prediction
Property Coeff. Diff., %
1. T.A. impact fatigue 0.93 16.7
2. T.E.A., combined 0.89 18.4
3. Impulse, combined 0.87 20.2
4. Stretch, combined 0.88 20.3
5. Frag, in 0.87 22.8
aSignificant at 1% level.
t
4,
The properties in Table V are the same as those listed for the regular
sack data alone, except for the substitution of in-machine Frag for the combined
Frag.
A comparative ranking of the better properties for face drop sack predic-
tion is shown in Table VI. On an over-all basis the data indicate that properties
giving the best prediction of face drop sack performance are as follows:





When the Frag and T.A. impact fatigue properties are discarded because
of their high variability and time-consuming nature, the best properties for face




These properties were discussed in connection with the regular kraft
sack results. These properties inherently involve energy absorption capacity,
a factor which is probably important to face drop behavior.
I
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TABLE VI
COMPARATIVE RANKING OF PROPERTIES WITH REGARD TO
FACE DROP SACK PREDICTION
Rank a
Regular Sacks Extensible Combined Composite
Property Study I Study II Sacks Data Rank
1. T.A. impact fatigue 1 7 4 1 13
2. T.E.A., combined 2.5 1 11 2 16.5
3. Impulse, combined 2.5 5 21 3 31.5
4. Stretch, combined 5 2 15 4 26
5. Frag, in 16 17 2 5 40
6. Frag, combined 4 4 6 9 23
7. Scattering coefficient 22.5 38 1 20 81.5
8. T.E.A., cross 14 8 8 13 43
9. Frag, cross 9 3 28.5 25 65.5
Based on average percentage prediction difference.
In each case the sum of in and cross directions is involved. This
appears reasonable since the sack is stressed in both directions in a face drop.
In the analysis, both in and cross directions are assigned equal weight.
This is considered an approximation since it is believed that the proper weighting
depends on both the sack paper and sack dimensions.
The regression equations for the combined data are given below:
1. T.E.A., combined: F = -45.6 + 495.3 [W + W ] (1)
-X -y
2. Stretch, combined: F = 88.6 + 55.4 [S + S ] (2)
3. Impulse, combined: x -y+ I] 3)
3. Impulse, combined: F = -70.4 + 27.5 [I + I ] (3)x -3y
Page: 26 . Multiwall Shipping Sack Paper Manufacturers
Report-Twenty-Nine .. Project 2033
where F = progressive height face drop, safe inch.
Wx W = T.E.A., in and cross
S , S = stretch, in and cross
I I = Impulse, in and cross-x y .
To improve face drop sack performance by 10% at a level of 400 safe
inches, Equations (1), (2), and (3) imply that the combined T.E.A. must be increased
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